Igarashi T, Kumamoto H, Ooya K and Echigo S. Immunohistochemical analysis of vascular endothelial growth factor (VEGF) expression and tumor angiogenesis in tongue squamous cell carcinomas. Oral Med Pathol 2003; 8: 13-19, ISSN 1342-0984 To clarify the possible role of tumor angiogenesis, vascular endothelial growth factor (VEGF) and microvessel density (MVD) were immunohistochemically examined in tongue squamous cell carcinomas as well as in normal tongue mucosa and squamous cell carcinoma-adjacent tongue mucosa. Immunoreactivity for VEGF was detected in epithelial cells of several nonneoplastic tongue mucosa tissues and most tongue squamous cell carcinomas, indicating that this angiogenic factor acted on endothelial cells via the paracrine mechanism. VEGF expression in squamous cell carcinoma-adjacent tongue mucosa was greater than that in normal tongue mucosa, and VEGF expression in tongue squamous cell carcinomas was much higher than in squamous cell carcinoma-adjacent tongue mucosa and normal tongue mucosa. Up-regulation of VEGF might be associated with neoplastic or malignant change of epithelial cells in tongue mucosal tissues. MVD in tongue squamous cell carcinoma was higher than that of squamous cell carcinoma-adjacent tongue mucosa and normal tongue mucosa, indicating increased demands for blood supply in the carcinoma tissues. The association of VEGF expression, MVD and clinicopathological parameters of tongue squamous cell carcinomas was not statistically obvious; however, VEGF expression was slightly larger according to T stages or nodal metastasis.
Introduction
Oral squamous cell carcinoma is a relatively common disease associated with major morbidity and mortality, and may occur at any oral sites, including the lips, tongue, gingiva, buccal mucosa, oral floor and palate (1, 2) . In Japan, tongue squamous cell carcinomas are more frequent than carcinomas of other oral regions, and they comprise between 40 and 55 percent of all oral squamous cell carcinomas (3, 4) . A wide age range is noted with the peak incidence in the sixth decade, and men are more often afflicted than women (3, 4) . A typical lesion develops on the lateral border or ventral surface of the tongue (1, 4) . Metastasis into the regional lymph nodes or distant organs occurs with great frequency, and a local recurrence tendency has been proven (1, 2, (4) (5) (6) . Although considerable histological variations exist in tongue squamous cell carcinomas, they tend to be well-differentiated types with evidence of keratinization (1, 2, 4) .
Angiogenesis, a fundamental process by which new blood vessels are formed, is essential for a variety of physiological and pathological processes, including reproduction, development, healing, inflammation and tumor progression (7) (8) (9) (10) . This process depends on tightly controlled endothelial cell proliferation, migration and survival, and it is regulated by numerous molecular processes (8, 11, 14) . Vascular endothelial growth factor (VEGF), also known as vascular permeability factor, is a heparin-binding glycoprotein with a selective mitogenic effect on vascular endotherial cells and is the most potent and specific agent among the many angiogenic factors (9, 10, (12) (13) (14) . Activities of VEGF include enhancement of both angiogenesis and vascular permeability (9, 10, 12, 14) . VEGF is synthesized and secreted by many types of tumors, and expression levels of VEGF correlate with tumor status and prognosis (14, (15) (16) (17) (18) (19) .
CD34 is a cell surface glycoprotein expressed in hematopoietic cells and endothelial cells (20, 21) . Immunohistochemical staining for CD34 is used to evaluate microvessel density (MVD) in numerous tumor tissues, and intratumoral MVD is useful in predicting relapse or metastasis (22) (23) (24) . The assessment of VEGF expression significantly correlates with MVD in different types of tumors (14, 15, (17) (18) (19) 25) .
Several angiogenic factors and/or neovasularization have been studied in oral or head and neck squamous cell carcinomas (18, 19, 26, 27) . In the present study, VEGF expression and MVD were immunohistochemically examined in tongue squamous cell carcinomas as well as in normal tongue mucosa and squamous cell carcinomaadjacent tongue mucosa to clarify the possible role of tumor angiogenesis.
Materials and methods Specimens
A total of 58 paraffin blocks were selected from the pathological files of the Division of Oral Pathology, Department of Oral Medicine and Bioregulation, Tohoku University Graduate School of Dentistry. None of the patients had received chemotherapy or radiotherapy before biopsy. Ages ranged from 32 to 87 years old (mean 62 years); 36 patients were men, and 22 were women. TNM category was classified according to the Union Internationale Control le Cancer (UICC) system (28) . Fifty-seven cases qualified to be placed into the TNM category, whereas one case was denied. The T classification was T1 for 12 patients, T2 for 34, T3 for 9 and T4 for 2; the N classification was N0 for 44 patients, N1 for 6 and N2 for 7; and the M classification was M0 for 56 patients and M1 for 1. The patients were divided into two groups: those without carcinoma recurrence (49 cases) and with recurrence (9 cases). For the control, 11 samples of normal tongue mucosa were obtained from 11 Japanese cadavers undergoing autopsy at Tohoku University Hospital. These samples were fixed in 10% buffered formalin for several days and were embedded in paraffin wax. Serial sections (4mm) were sliced from the tissue blocks and were processed for routine histological and immunohistochemical studies. The tumors were diagnosed for squamous cell carcinomas and were classified into three differentiated types (32 well, 24 moderate and 2 poor) according to World Health Organization (WHO) Histological Typing of Cancer and Precancer of the Oral Mucosa (2) . The mode of invasion was classified according to Yamamoto et al. (5) , and the carcinoma grading was 1 for 3, 2 for 12, 3 for 15, 4C for 20 and 4D for 8. The control tongue mucosa did not show any apparent pathological change.
Immunohistochemistry
The serial sections were deparaffinized and immersed in methanol with 3% hydrogen peroxide to eliminate endogenous peroxidase activity. After treatment with normal rabbit serum for 30 min to block non-specific binding, the sections were incubated overnight with primary antibodies at 4˚C. The applied antibodies were mouse anti-VEGF monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA; diluted at 1: 200) and anti-CD34 monoclonal antibody (Nichirei, Tokyo, Japan; prediluted). The standard streptavidin-biotin-peroxidase complex method was performed to bind the primary antibodies with the use of a Histofine SAB-PO Kit (Nichirei). Reaction products were visualized by immersing the sections for 3 to 5 min in 0.03% diaminobenzidine solution containing 2mM hydrogen peroxide. Nuclei were lightly counterstained with 1% methylgreen. For control studies of the antibodies, the serial sections were treated with phosphate-buffered saline and normal mouse IgG instead of the primary antibobies, and were confirmed to be unstained.
Evaluation of immunostaining
Immunohistochemical reactivity for VEGF was evaluated and classified into three groups: (-) negative (less than 10% of epithelial or carcinoma cells positive), (+) positive (10-50% of epithelial or carcinoma cells positive), and (++) intensive positive (more than 50% of epithelial or carcinoma cells positive) (25) . Immunostaining for CD34 was conducted to evaluate MVD in the carcinoma tissues. After scanning 5 areas showing the highest neovascularization (vascular hotspots) in normal subepithelial tissues or tumor stromal tissues at 20-fold magnification, the number of CD34-positive microvessels were quantified at 200-fold magnification by using an ocular grid (each area: 0.0625 mm 2 ), and the average count was recorded as MDV for each case (15, 22) .
Statistical analysis
The statistical significance of difference in the percentage of cases with different reactivity levels for VEGF was analyzed by chi-square test. The mean MVD was analyzed by the Mann-Whitney U-test for differences between two groups or by the Kruskal-Wallis rank-sum test for differences among three groups or more. Differences were considered statistically significant at P values of less than 0.05.
Results

Relationship between VEGF expression and MVD
Immunoreactivity for VEGF was detected in the cytoplasm of normal and neoplastic tongue epithelial cells ( Fig. 1) . The degrees of VEGF expression in tongue squamous cell carcinomas, squamous cell carcinoma-adjacent tongue mucosa and normal tongue mucosa are summarized in Table 1 . In normal tongue mucosa, 4 tissues showed weak immunoreactivity for VEGF in epithelial cells neighboring the basement membrane, and 7 tissues did not react with anti-VEGF antibody (Fig. 1A) . In 35 cases, squamous cell carcinoma-adjacent tongue mucosa displayed weak immunoreactivity for VEGF in epithelial cells neighboring the basement membrane, similar to that of normal tongue mucosa. Two cases showed positive for VEGF diffusely in stratified squamous epithelium. In tongue squamous cell carcinomas, 44 cases showed a prominent VEGF expression in most carcinoma cells, and 12 cases demonstrated sporadic VEGF expression in carcinoma cells (Fig. 1B) . VEGF expression in tongue squamous cell carcinomas was significantly higher than in squamous cell carcinoma-adjacent tongue mucosa (p<0.001 ) and in normal tongue mucosa (p<0.05 ). There was statistical significance of VEGF expression between squamous cell carcinoma-adjacent tongue mucosa and normal tongue mucosa (p<0.05 ).
Immunoreactivity for CD34 was detected in the cytoplasm of endothelial cells in both normal and neoplastic tongue mucosa tissues (Fig. 2 ) . MVD in tongue squamous cell carcinomas, squamous cell carcinoma-adjacent tongue mucosa and normal tongue mucosa is summarized in Table 1 . CD34-positive microvessels were observed in subepithelial tissues in normal tongue mucosa and squamous cell carcinoma-adjacent tongue mu- Table 1 : Vascular endothelial growth factor (VEGF) expression and microvessel density (MVD) in tongue squamous cell carcinomas (SCCs) and normal tongue mucosa cosa ( Fig. 2A ). Tongue squamous cell carcinomas showed CD34 reactivity in microvessels of the tumor stroma ( Fig.  2B ). Mean MVD was 12.3 in normal mucosa, 25.9 in squamous cell carcinoma-adjacent tongue mucosa and 37.9 in tongue squamous cell carcinomas; MVD in tongue squamous cell carcinomas was significantly higher than in squamous cell carcinoma-adjacent mucosa (p<0.001) and normal mucosa (p<0.05), and MVD in squamous cell carcinoma-adjacent mucosa was significantly higher than in normal mucosa (p<0.05). The correlation between VEGF expression and MVD in tongue squamous cell carcinomas is shown in Table 2 . Degrees of VEGF expression and MVD revealed no significant correlation.
Correlation among VEGF expression, MVD and clinicopathological parameters
VEGF expression and mean MVD are shown according to age, sex, TNM category, recurrence, degree of differentiation and mode of invasion in tongue squamous cell carcinomas in Table 3 . There was no significant correlation among VEGF expression, MVD and those clinicopathological parameters.
Discussion
Vascular networks are crucial for the development and maintenance of normal tissues in higher organisms (8, 9) . VEGF is a critical regulator of endothelial cell growth that is expressed in some developing organs, such as the heart, lungs, kidney, spleen and brain, and normal adult tissues, including the heart, lungs, kidneys, adrenal glands and ovaries (9, 10, 25, 29, 30) . Expression of VEGF has been detected at various degrees in normal oral mucosa (18, 19) . In the present study, normal tongue mucosa showed VEGF reactivity in several specimens, and squamous cell carcinoma-adjacent tongue mucosa displayed increased expression of VEGF. In these nontumorous tissues, the VEGF expression was detected in epithelial cells, suggesting that the covering epithelial cells play a role in angiogenesis in the oral mucosal tissues through VEGF production. The significant differ- Previous studies have demonstrated that VEGF expression is markedly up-regulated in the vast majority of human tumors, and high levels of VEGF expression are associated with increased angiogenesis and poor prognosis (14, (15) (16) (17) (18) (19) . Oral or head and neck squamous cell carcinomas have shown increased VEGF production as compared with the adjacent normal mucosa (18, 19, 26) . In the present study, VEGF expression was elevated in tongue squamous cell carcinomas as compared with normal tongue mucosa and squamous cell carcinoma-adjacent tongue mucosa, suggesting that VEGF production was up-regulated in association with neoplastic or malignant changes of tongue epithelial cells. In the carcinoma tissues, VEGF expression was found in neoplastic epithelial cells, and VEGF was considered to act on endothelial cells via the paracrine mechanism (9, 10).
The growth, survival and expansion of a solid tumor depend largely on the recruited vascular system, and angiogenesis is believed to be needed for the growth of both primary and metastatic tumors beyond 1 or 2 mm 3 (9, 22, 31) . Characterizing the tumor microvasculative provides important prognostic information in many malignancies, including oral or head and neck tumors (18, (22) (23) (24) 26) . In the present study, immunohistochemical evaluation of MVD with the use of CD34 showed higher vascularity in tongue squamous cell carcinomas than in squamous cell carcinoma-adjacent tongue mucosa and normal tongue mucosa. This result suggests that carcinoma tissues induce angiogenesis to supply oxygen and nutrient needs and are dependent on an adequate blood supply for maintenance and growth. In addition, squamous cell carcinoma-adjacent mucosa showed higher vascularity than normal mucosa, similar to VEGF expression, suggesting that lesion-adjacent mucosa has different characteristics than normal mucosal tissue. Recent studies reveal that intratumoral MVD associates with VEGF expression in various tumors (14, 15, (17) (18) (19) 25) . In the present study, degrees of VEGF expression and MVD showed no apparent correlation in tongue squamous cell carcinomas.
In human oncology, application of VEGF expression and MVD to the obtained tissue samples has been proven to be a significant prognostic indicator (14, 15, 17, 18) . In the present study, VEGF expression, MVD and clinicopathological parameters demonstrated no statistical association; however, VEGF expression increased slightly according to the T stage or nodal metastasis.
